Cathodic protection (CP) has been successfully employed to protect steel framed masonry buildings from corrosion related damage. When a CP system is installed to protect the structural members, other metallic items which are within the fabric of the structure but are not in direct electrical continuity may suffer from stray current interactions, resulting in accelerated corrosion of the discontinuous items. Therefore, these must be considered when CP systems are designed prior to installation. This paper presents both experimental and numerical studies into the risk and extent of stray current corrosion in steel framed masonry structures when subject to impressed current cathodic protection. The objective is to allow CP systems to be optimised so that interference is minimised without compromising the technical or cost benefits of this method of corrosion control.
Corrosion, Steel Frame, Cathodic Protection, Impressed Current, Stray Current, Numerical Modelling. 2 Cathodic protection (CP), originally proposed by Humphry Davy [1] and subsequently employed widely on buried and submerged structures as well as for reinforced concrete [2 3] , has been successfully used to protect steel framed masonry buildings from corrosion for over a decade [4] .
While the majority of CP installations will operate effectively with no side effects, there remains the risk of stray current corrosion which could be induced in discontinuous metalwork associated with steel framed masonry buildings [4] . It is widely recognised that such buildings contain a variety of metallic elements. In addition to the frame itself, other items include metal window frames, metal drainage pipes as well as metal fixings such as cramps, lintels and wall ties.
Generally, electrical continuity between structural members is rarely a problem since the structural connections are typically bolted or riveted. But elements outside the main structural frame are more likely to be electrically discontinuous. When a CP system is installed to protect the structural members, other items which are within the fabric of the structure but are not in electrical continuity may suffer from stray current interactions, resulting in accelerated corrosion of the discontinuous items. Therefore, these must be considered when CP systems are designed and before installation.
The boundary element method has been widely used to analyse CP systems for offshore and marine structures [5 8] . More recently, the method has been introduced to analyse CP systems for steel framed masonry structures [9, 10] .
The method has also been employed to model the stray current corrosion of ships and pipelines [11] , predict the likelihood of CP interference on steel structures located in proximity to large cathodically protected chemical storage tanks [12] , and analyze the risk of stray current corrosion between ships and steel piles [13] . This paper presents both experimental and numerical studies into the risk and extent of stray current corrosion in steel framed masonry structures when subject to impressed current CP. The objective is to allow CP systems to be optimised so that interference is minimised without reducing any of the technical or cost benefits associated with the technique.
The principles and basic components of impressed current cathodic protection (ICCP) systems have been well documented and described elsewhere [14] .
Based on these, a representative ICCP system which incorporates two Building sand was employed to represent the surrounding masonry. The moisture content of the sand was adjusted to achieve a similar resistivity to masonry within the range 10 50 KE.cm as measured by a proprietary resistivity meter. The completed test specimen is shown in Figure 3 In order to obtain the value of the E free CP protective potential on the surface of steel, the instant off potential method is employed, whereby the current is briefly interrupted (turned off) and a value of potential taken immediately afterwards whilst no current is flowing and there is, therefore, no potential drop. The power is then reapplied. As the steel section has a very complex geometry, it is not possible to accurately measure every point on the steel surface. Due to this limitation, only the protective potential at selected points on the top surface of the steel section was measured. 
where is the coefficient matrix, is the vector of the unknown values of potential and current density on the boundaries, and is an independent vector.
For the linear boundary conditions, the above equation can be solved by Gauss Elimination or LU Decomposition. However, in practice the boundary conditions on the anodes and cathodes are represented by the non linear polarisation curves. Equation 7 is, therefore, solved by an interactive 6 procedure [7, 17] . After all values of the potential and current densities in Equation 7 are solved, the solution of the internal point in the electrolyte domain can be calculated [15, 16] .
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The system was analyzed under the conditions shown in Table 1 : The locations of the anode and steel bars are the same in both cases. The total boundary element mesh used for the analysis is shown in Figure 5 . For clarity, the boundary element mesh on the surface of the steel section and steel bar is also shown separately in Figure. 6.
The results obtained indicate that stray current corrosion cannot be simply identified by analyzing the potential distribution on the surface of the sandbox or steel. However, the study of normal current density distribution on the surface of two steel bars showed clear demarcation between anodic and cathodic areas.
In areas of both bars closest to the anode, the measured current is negative, demonstrating that current is being picked up, consistent with cathodic behaviour. Simultaneously, the current on the areas furthest away from the anode is positive, reflecting a current discharge consistent with anodic behaviour and as a result, corrosion is induced at these areas. This would appear to be because Steel Bar 1 is located directly between the anode and the steel section where the greatest current may be expect to flow.
Steel Bar 2, although adjacent to the anode, is not in the direct path between the anode and the steel and as a consequence the extent of current pick up is greatly reduced.
The results of the boundary element modelling in Case 2 are now compared with the experimental measurements at the representative points as shown in Figure 11 . The coordinates of the points plotted in Figure 11 are given in Table   2 . Whilst they generally follow the same trend, there is a relatively small difference of around 50mV in the potential values between the boundary element solutions and the experimental data. The reasons for this difference could be associated with the experimental procedure, the modelling or both.
For example, inaccurate experimental measurements could result from resistance drops in the cables and equipment or errors in data capture. In the 
& '
The results demonstrate that the potential distribution cannot be used to identify or accurately illustrate the effect of stray current corrosion on electrically discontinuous steel.
The boundary element technique can however be used to model stray current corrosion induced by CP interference. It can provide information about the level of interference in terms of current density rather than potential, from which rates of metal loss can be calculated.
Boundary element modelling has therefore been shown to be a useful tool for the analysis of CP interference in steel framed masonry buildings and may be employed to reduce or remove the risk of stray current corrosion when evaluating or designing ICCP systems for such applications. 
